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Abstract
·AIM:Tocomparetheanteriorandposteriorcorneal
parametersbeforeandafter collagencross-linking
therapyforkeratoconus.
·METHODS:Collagencross-linkingwasperformedin
31eyesof31keratoconuspatients(meanage30.6依8.9y).
Priortotreatmentandanaverage7moaftertherapy,
ScheimpfluganalysiswasperformedusingPentacam
HR. In addition to corneal thickness assessments,
corneal radius, elevation, and aberrometric
measurementswereperformedbothonanteriorand
posteriorcornealsurfaces.Dataobtainedbeforeand
aftersurgerywerestatisticallyanalyzed.
·RESULTS:Intermsofhorizontalandverticalcorneal
radius,andcentralcornealthicknessnodeviationswere
observedanaverage7moafteroperation.Cornealhigher
orderaberrationshowednodifferenceneitheronanterior
noronposteriorcornealsurfaces.Duringfollow-up
period,nosignificantdeviationwasdetectedregarding
elevationvaluesobtainedbymeasurementinmmunits
betweenthe3.0-8.0mm-zones.
·CONCLUSION:Cornealstabilizationcouldbeobserved
intermsofanteriorandposteriorcornealsurfaces,
elevationandhigherorderaberrationvalues7moafter
collagencross-linkingtherapyforkeratoconus.
· KEYWORDS: cornealbacksurface; higherorder
aberration;elevation;collagencross-linking;highresolution
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INTRODUCTION
T
heanteriorandposteriorsurfacesjointlyconstitute
cornealrefractivepower.However,cornealpoweris
affectedbytheposteriorcornealsurface,whichcompensates
forsome31%ofanteriorsurfaceastigmatismandalsohighly
affectscornealsphericalaberration
[1-5].Previously,posterior
cornealsurfacescouldbeexaminedbyPurkinjeimage
photography,onlywithanaccuratereadingofcentralcorneal
thickness
[3,6].WiththeintroductionofOrbScan (Bausch&
Lomb, Orbtek Inc.,SaltLake City,UT),andlater
ScheimpflugimagingwithPentacam(OculusOptikger覿te
GmbH,Wetzlar,Germany),moredetailedinformationcould
beobtainedoftheposteriorsurfacethaneverbefore.
Cornealrefractivesurgeriescauseabreakinbalancebetween
anteriorandposteriorsurfaces.Subsequentto corneal
refractiveoperations,theinvestigationofposteriorcorneal
changesisrelevant,becauseourgoalistodetectandprevent
dreadfuliatrogenicpathologicectasia.
Ouraimwastosimultaneouslyassessanteriorandposterior
cornealchanges(keratometric,higherorderaberrationsand
elevationdata)aftercollagencross-linkingtherapyfor
keratoconus,usingthehigh-resolutionversionofPentacam.
SUBJECTSANDMETHODS
Inclusioncriteriaforcollagencross-linkingwerethe
following:keratoconusdiagnosedonthebasisofthewidely
knowncriteriaandtheCollaborativeLongitudinalEvaluation
ofKeratoconusStudy
[7];corneathickerthan400 滋m
documentedbypachymetry;age14-45y;aminimumof
1rowdeclineinvisualacuityand/orkeratometricvaluesand
cornealpachymetryinthepast3-6mo.Furtherconditions
were:opticallyclearcorneaandthelackofVogt-striaeor
anteriorstromalscarring.Exclusioncriteriaweredryeye
syndromeencumberingthecaptureofPentacamimages,and
pathologiceyeconditionsotherthankeratoconus.
Priortooperations,detailedophthalmologicexaminations
wereperformed(keratorefractometry,visualacuitytesting,
slit-lampexamination,intraocularpressuremeasurement,
fundusexamination).Subsequently,threeimageswere
capturedinalleyespreoperativelywiththehigh-resolution
versionofPentacamdevice(PentacamHR,softwareversion
1.17r139)usingScheimpflugimaging.WeusedthePentacam
systemoperatingina25-imagemode;25imageswere
capturedautomaticallywithin2s.Imagingprocedurewas
subsequentlyrepeatedincaseofanycapturingerroroccurred
(blinking,lackofdata, ).
313Collagencross-linkingwasperformedwiththefollowing
details.Aftertopicalanesthesiawithtetracaine
hydrochloride,centralcornealepitheliumof7mmwas
removed,and0.1%riboflavin(in20%dextranesolution)
wasinstilledontheentiredeepithelisatedcornealsurface
30minbeforeirradiation,andevery2minthereafter.Tokeep
eyemoisture,physiologicalsalinewasinstilledonthesurface
every2minduringtreatment.UV-Airradiation was
performedwithemissionat370nmandaradiantenergyof
3mW/cm
2 (=5.4J/cm
2)for30min.Treatmentswere
performedusingtheIn-ProCCL-Lix(Norderstadt,Germany)
equipment.Aftertreatmenteachpatientwasprescribedwith
steroid-andantibioticseyedropsandtherapeuticcontact
lenseswasgiventilltheepithelialdefecthadclosed.
Therapeuticcontactlenseswereremoved5daftertreatment.
Atanaverageof7mo(range:6.4-8.5mo)aftercross-linking
procedure,threeimageswerecapturedagainofthetreated
eyesusingPentacamHR.
Obtaineddatawerecalculatedwiththemeanvaluesofpre-
andpostoperativemeasurements.Horizontalandvertical
cornealradius(Rh,Rv),centralcornealthickness(CCT),
totalrootmeansquareofhigher-andlowerorderaberrations
(RMSHOA,RMSLOA)upto8
th orderandelevationdata
weremeasured.Toassessanteriorandposteriorcorneal
shapes,elevationdatawereusedbycomparinggivensurface
toreferencesurface(best-fit-sphere,BFS)intermsof
micrometer.ThereferenceBFSwasdeterminedbythe
central8.0mm-zoneofthecornea(BSFsettingwasconstant
inPentacamHRsoftwareduringbothpreoperativeand
postoperativemeasurements).Positiveelevationvalueswere
associatedwithectaticdeviations(forwardprotrusionofthe
posteriorcornea).Weused8.0mmpupilsetinall
measurements.
Themethodofoperationwasexplainedtoallpatientsand
informedconsentwasobtained.Theresearchprotocol
adheredtothetenetsoftheDeclarationofHelsinki(2008).
TheresearchprotocolhadbeenapprovedbytheInstitutional
EthicCometteeoftheUniversityofDebrecen.
StatisticalanalysiswasperformedwithMedCalc10.0.
Descriptivestatisticalresultsweredescribedasmean 依
standarddeviation(SD).Wilcoxonpairedsampletestwere
carriedoutforcomparisonbetweengroupsorvariables.A
valuebelow0.05wasconsideredstatisticallysignificant.
RESULTS
Thirty-oneeyesof31keratoconuspatientswereexamined
(age:30.6依8.9y;range:17.1-45.2y).Nosignificant,visible
hazewasobservedinthepostoperativeperiod.Respectto
horizontalandverticalcornealradiusnodifferencewas
detectedinbothanteriorandposteriorsurfaces.Comparedto
preoperativedata,CCTalsoshowednodifferenceattheend
ofthepostoperativeperiod( =0.6).Nosignificantchanges
werefoundincornealHOAandLOAregardingtheanterior
andposteriorsurfaces ( =0.3-0.6).Sevenmonthsafter
surgery,nosignificantdifferencewasdetectedinelevation
dataobtainedbetweenthe3.0-6.0mmcornealzones ( =
0.27-0.68)(Figure1).DetaileddataareshowninTable1.
DISCUSSION
Anteriorandposteriorcornealsurfacesplayanimportantrole
indeterminingtherefractivepowerofthecornea.Posterior
surfaceshapecanchangeafterkeratorefractivesurgeries
performedontheanteriorsurface
[8].
In1999,Wangwasthefirsttoreportadetailedanalysisof
theposteriorcornealsurfaceusingscanningslit-beam
topographer(Orbscan)
[9].Hismeasurementswerethefirstto
provethatposteriorcornealectasiacanbedetectedby
OrbscanafterLASIKtreatments.Lateron,furtherstudies
havebeenpublishedobservingcornealectasiausingOrbscan
measurements
[9-11].Baek
[10] describeditspossible
explanations,namelythatthesedeformationsareaffectedby
thinnercorneas,higherintraocularpressureandhigher
myopia
[10].Duetotheknownlimitationsofthedevice,the
accuracy,thereliabilityandthevalidityoftheresultson
posteriorcorneausingOrbscanhavebeenquestionedin
manycases
[12-14].AccordingtoNawa,truekeratectasia
occasionallyexistsafterkeratorefractivesurgeries,butthe
resultofposteriorcorneameasurementswithOrbscanmaybe
anartifact
[13].
From2005,theanteriorsegmentoftheeyecouldbeanalyzed
byPentacam;thefirstpublicationonposteriorcorneal
surfacemeasurementwasissuedin2005;thefirstreport
Table 1 Anterior segment parameter changes after collagen 
cross-linking therapy measured by pentacam HR 
Anterior segment parameter  Preoperative  Postoperative  P 
Rh front (mm)  7.15±0.73  7.35±0.93  0.48 
Rv front (mm)  6.78±0.76  6.86±0.78  0.62 
Rh back (mm)  5.77±0.77  5.66±1.02  0.55 
Rv back (mm)  5.53±0.92  5.41±0.95  0.66 
RMS HOA front (µm)  2.22±1.63  2.04±1.46  0.65 
RMS HOA back (µm)  0.43±0.22  0.42±0.24  0.33 
RMS HOA cornea (µm)  1.87±1.5  1.68±1.28  0.77 
RMS LOA front (µm)  15.31±8.52  14.25±7.86  0.66 
RMS LOA back (µm)  3.34±1.51  3.4±1.5  0.32 
RMS LOA cornea (µm)  12.14±7.09  11.02±6.4  0.9 
CCT (µm)  441.7±67  444.3±56  0.7 
zone 3.0 mm  9.03±3.2  10.62±3.1  0.68 
zone 4.0 mm  3.48±2.5  5.33±1.2  0.53 
zone 5.0 mm  -1.61±0.9  0.3±0.25  0.35 
anterior 
corneal 
elevation 
zone 6.0 mm  -5.34±1.2  -3.66±1.14  0.27 
zone 3.0 mm  19.34±5.6  23.57±3.9  0.51 
zone 4.0 mm  6.97±3.6  10.3±2.9  0.45 
zone 5.0 mm  -3.7±1.1  -0.9±0.15  0.42 
posterior 
corneal 
elevation  
zone 6.0 mm  -10.9±1.5  -8.28±2.32  0.45 
Rh: Horizontal radius of cornea; Rv: Vertical radius of cornea; RMS: 
Root mean square; HOA: Higher order aberration; LOA: Lower order 
aberration; CCT: Central corneal thickness. 
 
CornealchangesaftercollagencrosslinkingwithPentacam
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Figure1Anteriorandposteriorelevationmapsofthecorneabeforeandaftercollagencross-linking (CXL)therapyobtainedby
PentacamHR.Wedidnotnoticeanysignificantchangesduringtheexaminationperiod A:Elevationmapoftheanteriorcorneal
surfacebeforeCXLtherapy;B:ElevationmapoftheanteriorcornealsurfaceafterCXLtherapy;C:Differenceelevationmapoftheanterior
cornealsurfaceafterCXLtherapy (afterminusbefore);D:ElevationmapoftheposteriorcornealsurfacebeforeCXLtherapy;E:Elevation
mapoftheposteriorcornealsurfaceafterCXLtherapy;F:DifferenceelevationmapoftheposteriorcornealsurfaceafterCXLtherapy(after
minusbefore).
analyzingposteriorcorneadeviationsafterkeratorefractive
surgerywaspublishedayearlater
[14,15].BasedonScheimpflug
imaging,thismethodissuitableformeasuring25000true
elevationpoints,andcandetectposteriorcornealelevations
withmathematicalreconstruction
[15].Therepeatabilityof
Pentacaminrespecttotheresultsofposteriorandanterior
surfacemeasurementsisgood
[16,17].At leastthree
measurementsaresuggestedtoimprove intersession
repeatability,therefore,weperformedthreemeasurementsin
everycase
[17].
InvestigationsusingPentacamsystemfoundthat,inPRKand
LASIKtreatmentsthereisnoposteriorcornealsurface
displacement,thoughresultscontradictingthisfindinghave
beenalsopublishedduringLASIKtreatments
[9,10,15,18-21].
MeasuringtheposteriorcornealsurfacewithPentacam,
ZhangandWang
[22].observedprotrusionintheparacentral
andmidperipheralzones1moafterLASIK,whichdecreased
after6mo,andalsofounddeviationintheelevationinthe
centerandparacentralzones6moafterepi-LASIKtreatment.
Inourstudy,ectaticprogresswasnotobservedatleast7mo
afterCXLtherapyforkeratoconus.
Adecreaseincornealsphericalaberrationscanbeobserved
withCSOEyeToptopographeraftercornealcross-linking
therapy,however,cornealcomashowednosignificant
change
[23].Besides,apostoperativedecreaseintotalHOA,
totalsphericalaberrationandtotalcomacouldbedetected
withNidekOPD-Scan
[23,24].Accordingtotheresultsofthe
Sienaeyecrossstudy,whichwasalsousingCSOEyeTop
topographer,noanteriorcomaaberrationreductioncouldbe
measured,however,therewerenosignificantmodifications
ofsphericalaberration
[25].However,severalstudiesusing
wavefrontaberrometry reportednocomaorspherical
aberrationdeviations1yaftercross-linkingtreatment
[26,27].
Cornealaberrometricdeviationsmeasuredwithdifferent
devicesaftercross-linkingshowcontroversialresults.Our
resultsobtainedwiththehighresolutionversionofPentacam,
showednosignificantdeviationinradiusvalues,corneal
HOAandLOAinanteriorandposteriorsurfacesafter
collagencross-linkingtherapyforkeratoconus.
Insummary,ourstudystatedthatanteriorandposterior
315cornealsurfacesshownosignificantdeviationsinrespectto
keratometry,cornealHOA,LOAorelevationcomparedto
preoperativevaluesinafollowupperiodof7mo.
Consequently,cross-linkingtreatmentcanstabilizenotonly
refractionvalue,butalsoanteriorandposteriorcorneas
includingcornealHOA.
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